This study targets an examination proctor assignment problem where faculties and academic staffs are assigned to examinations as proctors in the regular examination period at our university. In previous work, the author formulated fundamental mathematical model for the assignment task in a mixed integer programming form and developed a prototype system based on spreadsheet software to derive an optimal assignment. In this study, the proposed mathematical model is extended and revised to deal with the conditions in the assignment task. Some solutions are discussed to improve practicality for system users.
Introduction
Nomenclature I index set for members to be assigned to examinations. {1, 2, …, |I|} I1
index set for tenure faculties and academic staffs. I1 ⊆ I. J index set for examinations. {1, 2, …, |J|} K index set for days in the examination period. {1, 2, …, |K|} T index set for examination slots. {1, 2, …, |T|} ait availability: 1 if member i can be assigned to an examination conducted in slot t, 0 otherwise bjt schedule: 1 if examination j is scheduled in slot t, 0 otherwise cij desirability for the assignment of member i to examination j ei member's occupation: 1/0 if member i is a faculty/academic staff fij fixed assignments: 1 if member i is determined to be assigned to examination j in advance, 0 otherwise l1j examination time: 1 if time of examination j is 50 minutes, 0 otherwise l2j examination time: 1 if time of examination j is 60 minutes, 0 otherwise mi target number of assignments of member i nj number of required assignments of members to examination j nFj number of required assignments of faculties to examination j xij 1 if member i is assigned to examination j, 0 otherwise z1it 1 if member i is assigned to both slot t and slot t + 1, 0 otherwise z2it 1 if member i is assigned to a 50-minute examination in slot t and to 60-minute examination in slot t + 1, 0 otherwise z3it 1 if member i is assigned to a 60-minute examination in slot t and to 50-minute examination in slot t + 1, 0 otherwise vik surplus number of assignments of member i in day k w1Li, w2Li slack variable for the lower bound of number of assignments for member i w1Ui, w2Ui slack variable for the upper bound of number of assignments for member i
Our university, Konan University, now adopts two-semester system and most courses conduct final examinations at the end of a semester. In order to conduct the examinations without any incident, it is essential to assign appropriate number of university members, that is, faculties and academic staffs as proctors to each examination. The number of proctors is basically determined depending on the number of examination takers in classrooms. The faculty in charge of a course is surely assigned as a chief proctor to an examination for the course and other members are assigned to examinations as assistant proctors. The examination proctor assignment task is defined as determining who to be assigned to which examinations.
The assignment task is conducted manually by two staffs in registrar section at present. They conduct the task in view of some conditions, such as schedule, attribution, capability, chemistry and work load. The assignment task and its relevant operations require more than three days and the automation of the task has been desired.
Among assignment problems in university, timetabling problem is most popular. The timetabling problem, all in all, contains two kinds of assignment problems. One is course assignment; to determine which course to be assigned to which slot. The other is classroom assignment; to determine the correspondence between courses and classrooms. The context and complexity of the assignment problems is dependent on the relevant school systems and various approaches have been proposed for the problem [1] [2] [3] [4] [5] . In order to improve optimization technique, on the other hand, a competition to develop algorithms to settled common timetabling problems was held 6 .
Onouchi et al. 7 studied timetabling problem for final examinations in their university. The problem was solved in two stages; examination timetabling and classroom assignment were conducted in the first stage and proctor assignment in the second stage. The all of problems in both stages were formulated as mixed integer programming and solved by using commercial optimization software. The mixed integer programming approach is applicable for less class of problems than meta-heuristic approach, but its model is more easily comprehensible for system users.
The mixed integer programming model and application of commercial optimizer software are hopeful for sustainable use of the developed system.
Koide and Iwata 8 developed a prototype system for the examination proctor assignment in Konan University by reference to the mathematical modeling by Onouchi 7 . They focused on the proctor assignment and the target model considered some different types of constraints with respect to workload in a day from the constraints in Onouchi's model. A mixed integer programming model was proposed and an optimal solution was derived through CPLEX 9 , commercial optimization software. The resulting assignment sounded acceptable for the registrar staffs nevertheless some additional practical conditions were neglected for simplification of the mathematical model. This study extends the previous model and discusses the usefulness of the system for system users in the practical assignment task.
Mathematical model for examination proctor assignment task

Practical examination proctor assignment task
The target in this study is the proctor assignment for examinations held at Okamoto campus in Konan University. In practical, timetabling task for the examination consists of three parts. The first is to create a schedule of examinations. The second is to assign classrooms to examinations. The third is to assign university members as proctors to examinations. This study focuses on the third part of the task and it is assumed that examination schedule and required number of proctors are given. Some examinations for courses with many students are sometimes held in multiple classrooms due to the capacity of classrooms. The previous work 7 did not consider the division of the examinations and treated one examination.
As mentioned in the previous section, the faculty in charge of a course is assigned to one of the examination for the course as a chief proctor. Some courses are charged jointly by multiple faculties. The chief proctors for such courses are basically determined by the charged faculties themselves and the results depend on case by case. Namely, only one, some, or all of the charged faculties are assigned to the examinations for their courses. More faculties are, therefore, sometimes assigned than the required number computed based on the number of students. In this study, the assignments as chief proctors are given and treated fixed assignment. The previous work 7 assumed that each course had a single examination and its chief proctor was given. Furthermore, the previous model 7 assigned faculties only but this study additionally assigns academic staffs. The required number of faculties and staffs as proctors for each examination is determined based on the number of students who take the examination.
Regarding the assignment of a faculty to examinations in a day, the previous work 7 considered the following two soft constraints: the assignments in two consecutive periods in a day should be avoided and two assignments between which there are three or four periods should be avoided. The first constraint was settled because of fatigue of proctors. From 2014 academic year, however, the slot time has been reduced and the gap time between two slots has been extended. As a result, the two consecutive assignments become acceptable and encouraged in some cases. There are two types of examinations in terms of time; 50 minutes and 60 minutes. The consecutive assignments composed of two different time types are preferred to that composed of two identical time types. The other soft constraint has been also relaxed and another constraint has been installed with respect to the upper limit of the number of assignments in a day. The other constrains in the previous model 7 are still considered in the model in this study.
Mixed integer programming model
A mathematical model EPA is shown here for the target examination proctor assignment problem. According to practical assignment task, the number of periods in a day is assumed to be 6 in model EPA.
Problem EPA:
The objective function (1) in Problem EPA consists of four terms. The first term represents the assignments in two consecutive periods in a day. The second term measures the desirability of assignments for the combination between an examination and an assigned member, after-mentioned in detail. The third term implies the penalty for deviation of the numbers of assignments from their target numbers. The last term shows the penalty for the exceedance of the number of assignments in a day from an upper limit.
Equation (2) is for fixed assignments. Equations (3) and (4) define the number of assigned members and that of assigned faculties to examination j, respectively. Inequality (5) implies the constraint for availability of members. Constraints (6) through (9) are for two consecutive assignments. Inequality (6) shows the occurrence of two consecutive assignments. Inequalities (7) and (8) mean the consecutive assignments composed of two examinations with different examination time. Equation (9) treats the assignments in the last period in a day and the assignments are out of range for the consecutive assignments. Inequality (10) is the soft constraint for the upper limit of the number of assignments for each member in a day. In this model, the upper limit is commonly set to 2 based on the practical rule. Inequalities (11) are two-level soft constraints for the total number of assignments for each member. The target numbers mi of the assignments for member i are basically identical but changeable because they sometimes differ according to the circumstances.
Optimization implement
The optimization problem represented by model EPA has been implemented by using the similar platform in the previous work [7] , coded by VBA (Visual Basic for Application) based on Microsoft Excel, spreadsheet software. The required data are inputted into spreadsheets in the system and the target problem is solved by CPLEX 9 . This section illustrates an execution of the optimization using practical examination data in 2014 fall semester.
In order to execute the optimization, three kinds of information are inputted to the system; examination schedule, examination information, and academic member information. There are nine examination days from January 19 to 28, 2015 except for January 25, Sunday. The periods in a day are commonly six. It leads that |K| = 9 and |T| = 54. Regarding the examination information, examination schedule, examination time, the number of required faculties and staffs as proctors, and departments of courses for examinations are necessary for the developed system. In order to identify examinations conveniently, names of courses, course codes, names of faculty in charge of the courses, classrooms, the number of examination takers and so on are additionally inputted to the system. Regarding the member information, member's ID, occupation type, affiliation, availability of slots for the proctor assignment, target number of assignments, and fixed assignments are inputted. In this experiment, the desirability cij is set to 1 if the affiliation of the faculty i and the department of the corresponding course for examination j are identical to each other, 0 otherwise. The number of members |I| is 613 and the number of examinations |J| is 926 in this case. In this case, model EPA has 717,650 0-1 variables, 7,969 continuous variables, and 47,134 constraints.
Next, the inputted data have been downsized in order to shorten the computational time of optimization by CPLEX. First, the examinations which need a single proctor and which are charged by part-time faculties have been eliminated from the data in the optimization model since such examinations need not any assistant proctors. It is noticeable that the examinations which need a single proctor and which are charged by full-time faculties can be also eliminated from the model but the assignments to the examinations as a chief proctor have to be taken into account for some constraints in the model. Some dummy examinations, hence, have been introduced in order to deal with the matter. For instance, assume that there are three examinations conducted in the slot t, all of the examinations require a single proctor, and full-time faculties i1, i2, and i3 are assigned to the examinations as a chief proctor. Then, the three examinations are replaced with a new dummy examination conducted in slot t and the three faculties i1, i2, and i3 are assigned to the dummy examination. The required number of proctors for the dummy examination should be three in this case. On the other hand, for the examinations of courses charged by multiple faculties and which require more than one proctor, a part-time faculty is sometimes assigned to an examination as an assistant proctor. In the case, the required number of assistant proctors should be reduced by the number of fixed assistant proctors. This experiment, furthermore, focuses on the assignment of faculties and excludes factors related to academic staffs. By the described revisions of the inputted data, the number of members |I| and examinations |J| are decreased to 196 and 336, respectively. The reduced model has 120,288 0-1 variables, 2,548 continuous variables, and 27,865 constraints.
In order to assess the influence of the terms in the objective function in model EPA, the computational time was measured with various settings of coefficients αs in Equation (1) . Table 1 summarizes the numerical results where β1 = 10, β2 = 100, and β3 = 1000, which means the numerical results are compared under the situation that the constraints for number of assignments are essentially satisfied. The optimization procedure was interrupted by 60 seconds. In Table 1 , the symbol '-means that an optimal solution was not derived in 60 seconds and the gap between a lower bound and an upper bound is alternatively shown. Table 1 implies that it is hard for model EPA to derive an optimal solution in a short time even for the reduced data. It also implies that the constraints for two consecutive assignments make the problem intractable. System users generally are not patient with waiting for computation and model EPA should be revised so that users obtain an acceptable solution in a short time.
Conclusions
This paper developed a mixed integer programming model for an examination proctor assignment problem. The proposed model is extended and revised from the previous model to deal with recent practical situation at our university. The proposed model using practical data unfortunately could not derive a global optimal solution in an acceptable time for system users. The model should be modified to show useful information for system users in as short time. A multistage model sounds hopeful so that the optimizations in each stage finish in a relative short time. The modification will be discussed in our forthcoming paper.
